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A STLrDP OF TKE ADHESIOS Ah% COHESION OF METALS 

By M. J '  Hoi-don 
Y a t i o n a l  Research  C o r p o r a t i o n  

Dur ing  t h e  f i r s t  q u a r t e r  of t h e  a d h e s i o n  program e x t e n s i o n ,  
m o d i f i c a t i o n s  and  improvements t o  t h e  t e s t  a p p a r a t u s  were made 
icciudirtg t h e  r e d e s i g n  af t h e  refrigeration and  c o o l i n g  s y s t e m  
and  the spec imen s e l e c t o r  ar?d zbyaaer mechanism.  The m o d i f i e d  
apparatus components aere i n s t a l l e d  and p r e l i m i n a r y  vacuum pump- 
ing o p e r a t i o n s  w e r e  begun. 

S e l e c t e d  spec imens  w i t h  v a r i o u s  l a t t i c e  s t r u c t u r e s  were 
p r e p a r e d  far a d h e s i o n  t e s t i n g .  Heat treatment p r o c e d u r e s  t o  
p roduce  nearly e q u i v a l e n t  y i e l d  s t r e n g t h s  w e r e  c a r r i e d  o u t .  
Adhes ion  t e s t i n g  of Cu,  T i .  Ni, Ta, C o ,  b e t a - b r a s s ,  430 and 304 
g r a d e  s t a i n l e s s  steels and  a l p h a  and  zeta  phase Ag-Sn a l l o y s  a re  
scheduled for t h e  s u c c e e d i n g  per iod .  

I XTRODUCTI OK 

I n  t h e  c u r r e n t  program, KRC is c o n t i n u i n g  a n  i n v e s t i g a t i o n  of 
v a r i o u s  aspec ts  of s o l i d  a d h e s i o n  b e h a v i o r  in o r d e r  t o  a c q u i r e  a 
d e e p e r  u n d e r s t a n d i n g  of the fundamen ta l s  of t h e  bonding  mechanism. 
uui Ails the: 1 z z t  R I l a r t P r  1 -- ~ a n  i n t e r i m  summary r e p o r t  was p r e p a r e d  
c o v e r i n g  t h e  work c a r r i e d  o u t  a t  SRC i n  t h e  c o u r s e  UT t h e  i , ? % t i z l  
t w e l v e  months i n v e s t i g a t i o n .  T h i s  work i n c l u d e d  s t u d i e s  of con- 
t a c t  s u r f a c e  c l e a n l i n e s s  and  micro-contour  on t h e  d e g r e e  of adhe-  
s i o n .  I n  a d d i t i o n ,  a s u b s t a n t i a l  body of da t a  w a s  g e n e r a t e d  o n  
t h e  e f f e c t s  of  p r o p e r t i e s  such  a s  y i e l d  s t r e n g t h  and s o l i d  
s o l u b i l i t y  on t h e  d e g r e e  of bonding.  

h .  
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In  t h e  c u r r e n t  program e x t e n s i ~ z ,  i t  is p l a n n e d  t o  investi- 
gate t h e  effect  of l a t t i c e  s t r n c t u r e  a c d  c r y s t a l l o g r a p h i c  o r i e n -  
t a t i o n  on the  a d b e s f o n  bond s t r e n g t h ,  I t  i?as been  p o s t u l a t e d  
t h a t  t h e  ease of meta l l i c  bonding  is d i i e c t l y  p r o p o r t i o n a l  t o  t h e  
d e n s i t y  of atomic bonds a c r o s s  t h e  weld i c t e r f a c e .  Hence,  metals 
w i t h  f a c e  c e n t e r e d  c u b i c  (FCC) lattices such as Cu and Xi with 
bond eosrdization numbers of  12 s h o u l d  e x h i b i t  greater bond 
s t r e n g t h s  t h a n  metals w i t h  lower c o o r d i n a t i o n  latrices such as 
body c e n t e r e d  c u b i c  (BCC) o r  c l o s e  packed hexagona l  (HCP) 
s t r u c t u r e s .  

Moreover ,  for each l a t t i c e  t y p e ,  t h e  c c n c e n t r a t i o n  of bonds 
per s u r f a c e  atomic s i t e  w i l l  v a r y  w i t h  p l a n a r  o r i e n t a t i o n .  For 
c u b i c  metals ,  t h e  (111) p l a n e  s u r f a c e  is t h e  p l a n e  of naxinr,um 
atoaic d e n s i t y  and  minimum i n t e r a t o m i c  d i s t a x e .  I t  is l i k e l y ,  
therefcji-e, t h a t  z t s m f r  m i s o r i e r t a t i o n  or bond d i s t o r t i o n  will be 
minimized w i t h  a ( l l i i  c r y s t a l  i z t e r f a c e  and m i c r o s c o p i c  a d i i s s f s n  
w i l l  b e  enhanced .  

To i n v e s t i g a t e  these e f f e c t s ,  sampies  of v a r i o u s  m e t a l  l a t t i ce  
s t r u c t u r e s  as w e l l  a s  s i n g l e  c r y s t a l  spec imens  of c o p p e r  of vary-  
ing c o n t a c t  s u r f a c e  o r i e n t a t i o a  were p lanned  f o r  a d h e s i o n  t e s t i n g .  
I n  o r d e r  t o  accomodate  t h e  new spec imens ,  va r ious  m o d i f i c a t i o n s  t o  
t h e  a d h e s i o n  test a p p a r a t u s  were c o n s i d e r e d  n e c e s s a r y .  Dur ing  t h e  
f a s t  q u a r t e r ,  sample  p r e p a r a t i o n  and equipment  m o d i f i c a t i o n  were 
u n d e r t a k e n .  Compara t ive  a d h e s i o n  tests of v a r y i n g  l a t t i c e  s t r u c t u r e  
a r e  s c h e d u l e d  for t h e  s econd  program q J a r t e r ,  

The a d h e s i o n  t e s t i n g  vac-xum appai -a tus  s c h e d u l e d  f o r  u s e  i n  t h e  
p r e s e n t  work h a s  been e x t e n s i v e l y  d e s c r i b e d  i n  ? r i m  progress  re- 
p o r t s  and  i n  t h e  I n t e r i m  Summary  Z ieps i - t  for  NASA C o n t r a c t  So. 
VASw-1168.  The a p p a r a t u s  C G P S ~ S ~ S ,  es5entially, of a 2000  pound 
l o a d  c a p a c i t y  compressioa cage p u ~ i t i z n ~ d  + ., = n  ~ 1 ~ * r a - h i g h  vacuum 
chamber c a p a b l e  of p re s su res  below 7 x lWT’ G r t h  f u l l  t e s t i n g  
a s s e m b l y .  I n  a d d i t i o n ,  t h e  two l o a d i n g  s t a g e s  a r e  d e s i g n e d  t o  
h o l d  up t o  e i g h t  spec imens  each s o  t h a t  any  one of 64 metal p a i r  
Combina t ions  may be t e s t e d  i n  one purnpirg o p e r a t i o n .  

The vacuum chamber a l s a  c o n r a i n s  p o r t s  f o r  i o n  beam bombard- 
ment of b o t h  specimen s u r f a c e s ,  a f e e d - t h r o u g h  p o r t  f o r  a v i b r a -  
t o r y  or  r o t a r y  w i r e  b r u s h  a b r a s i o n  d e v i c e  a n d  m a n i p u l a t i v e  d e v i c e s  
f o r  p o s i t i o n i n g  t h e  l o a d i n g  s tages  t o  b r i n g  the  d e s i r e d  spec imens  
i n t o  c o n t a c t .  
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I n  t h e  c o u r s e  of  a d h e s i o n  t e s t i n g  e x p e r i e n c e ,  i t  became 
a p p a r e n t  t h a t  s e v e r a l  d e s i g n  m o d i f i c a t i o n s  would be e x t r e m e l y  
u s e f u l  i n  improving t h e  per formance  of t h e  a p p a r a t u s .  I n  
p a r t i c u l a r ,  three a r e a s  t h a t  r e q u i r e d  r e d e s i g n  were; (1) 
m o d i f i c a t i o n s  and  r e p a i r  cf t h e  g e n e r a l  vacuum s y s t e m  and 
a s s o c i a t e d  r e f r i g e r a t i o n  and  c o o l i n g  s y s t e m ,  (2) r e d e s i g n  of 
the spec imen selector  mechanisms n e c e s s a r y  f o r  r a p i d  r o t a t i o n  

abras ion  d e v i c e .  The n e c e s s a r y  equipment  a l t e r a t i o n s  were 
s c h e d u l e d  for t h e  i n i t i a l  q u a r t e r  of t h e  ex tended  program. 

of the  loading s';ages afij  (3 )  i i - iod i f ica t i sn  af +ha I I Y ~ ~ P  h+.r?ch G A L L  n r r -  V I  U U I .  

Vacuum S y s  tern 

The vacuum s y s t e m  c o n s i s t s  of a s i x - i n c h  SRC d i f f u s i o n  
pump ir, series K i t h  a two-inch d i f f u s i o n  pump and  a m e c h a n i c a l  pump. -. 1ne gas exhaust 2s ~ i - o i ; i d &  -,+.itpi t*,y;;= l < m * - i d  

gen t r a p s  a s  xell a s  a r e f r i g e r a t e d  r i g h r  a n g l e  t r a p .  The lower  
s e c t i o n  of t h e  z e s t  chamber and t h e  e v a c u a t i o n  port a r e  c o o l e d  
t o  -35°F by c i r c u l a t i n g  a r e f r i g e r a n t ,  Lexol,  t h rough  coppe r  
c o o l i n g  c o i l s .  

A A ~ L ' A u  n i t r o -  

The  a p p a r a t u s  c o n t a i n s  two major  access f l a n g e s  which con- 
t a i n  d o u b l e  "0"-ring s e a l s .  P r e v i o u s l y  w a t e r  c o o l e d ,  t h e  "0"- 
r i n g  S e a l s  c o n s t i t u t e d  a n  i m p o r t a n t  r e s t r i c t i o n  i n  t h e  l i m i t -  
i n g  r e s i d u a l  p r e s s u r e  o b t a i n e d  a f t e r  t h e r m a l  o u t g a s s i n g .  In 
o r d e r  t o  f u r t h e r  r e d u c e  o u t g a s s i n g  of t h e  "0" - r ings ,  c o p p e r  
c o i l s  were p l a c e d  i n  t h e  water  c h a n n e l s  s o  t h a t  t h e  co ld  r e f r i g -  
e r a n t  c o u l d  be u t i l i z e d  t o  cool t h e  f l a n g e s .  In t h i s  way,  t h e  
f l a n g e  s e a l s  c a n  be b r o u g h t  t o  abou t  -35°F d u r i n g  a pumping 
o p e r a t i o n  and  g a s  e m i s s i o n  from t h e  o r g a n i c  r i n g s  s u b s t a n t i a l l y  
r e d u c e d .  

In a d d i t i o n  t o  changes  i n  t h e  c o o l i n g  system, changes  i n  
t h e  p l a c e n e n t  of k s t r u m e n t  p o r t s  on t h e  t e s t  chamber were made 
t o  r e d u c e  t h e  number of p o t e n t i a l  l e a k s .  The  m o d i f i c a t i o n s  
descr ibed above have  been s u b s t a n t i a l l y  comple ted  and t h e  
r r a c i i i i m  q y c ; t t = m  i E, r e a d y  f o r  o p e r a t i o n .  

Specimen S e l e c t o r  Device  

I n  o r d e r  t o  s e l ec t  t h e  p a i r  of spec imen s u r f a c e s  for  adhe- 
s i o n  testing, t h e  l o a d i n g  s t a g e  wheel  must be r o t a t e d  i n  t h e  
vacuum so t h a t  t h e  p r o p e r  mat ing  s u r f a c e s  a r e  i n  t h e  v e r t i c a l  
p o s i t i o n .  In t h e  case of t h e  i n e r t  g a s  i o n  bombardment s u r f a c e  
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I n  p r e v i o u s  adhesion t e s t s ,  c 3 n t a c  t 5 + n - f a e e s  have  been 
s u c c e s s f u l l y  c l e a n e d  of o x i d e  f i l n ~  by m e a n s  of  a n  a b r a s i v e  
mechanism s u c h  a s  a w i r e  b l u s h .  LT'sir_g a c n a l l  vaclrum sea l ed  
D .  C not-Jr e lement  ~ t h e  m a t i n g  i u r f a c  e% weie a h i a d e d  inmediately 
befo re  c o n t a c t .  'iiowevei- d i f f l c u f t  :e-. were P r L c o J n t e r e d  d u e  t o  
o u t g a s s i n g  of t h e  no to i  a y s + w . b l i e b  x i t h i ~  t k e  ;7ac3urn a n d  t o  h e a t -  
i n g  r e s t r i c t i o n s  ~ F r e q u c - n t l y .  xke R?OIOI-  b e a r i n g s  seized i n  t h e  
h i g !s I- a c uum e nv 1 1- o r.m e n i 
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Tn a v o i d  these d i f f i c d l t i e s ,  t h e  a b r a s i o n  nerhanisn ;  was re- 
des igned to pos i t io r ,  t h e  motor- d r i v e  o a t s i d e  t he  vacuum c d m b e r .  
A d e t a i l  of the & % i c e  is  shown IL F i g  2. I n  t h i s  design, t h e  
motor d r i v e  a c t u a t e s  a v i b r a t o r y  abrader i I i r 3 x g h  a flexi5le zeta1 
bellows. The vibrat is j r?  a m p l i t u d e  ii abci t t  3 ; 8  i n c h  and  is powered 
by  a 1/15 H, P, A .  C. aet3r capable of vibration f r e q u e n c i e s  up t o  
6000 c y c l e s  min. T h e  abrader  c s n s i s t s  of a s ta i r - less  steel wire 
brush flarrened on is0 ~ F . p O S l t c  s i d e s  1; n r d e r  to obtain good 
contact w i t h  both adhesior* s u r f a c e s .  

With this design, t h e  motor drive is  removed from t h e  vacuum 
chamber and gas leakage from the  motor s e a l s  a s  well a s  limitations 
to the thermal  outgassing t empera tu re  a re  a v o i d e d ,  

In order t o  obrairt cornparafive adkes i c r ,  d a t a  w i t h  chacges i n  
l a t t i c e  s t r u c t a r e ,  r h e  metals aad all>>)rs 21sxed i n  Table I were 
p r e p a r e d  for s e l f - a d h e s i o n  t e % t s ,  Dclr2r-g t h e  i n i t i a l  q u a r t e r ,  
these mater ia l s  were a c q u i r e d  atd p r e p a r e d  €x h e a t  t r e a t m e n t  
p r ior  t o  t e s t i n g .  The !?eat t r e a r i r ; g  p r o c e d u r e  far each safnple 
type is a l s o  g i v e 3  in Table  I .  

The mate r i a l s  selected for a d h e s i o n  a n a l y s i s  c a n  be d i v i d e d  
into two major g r o u p s  depending  on c h e m i c a l  c a m p o s i t i o n .  I n  
Group X a re  t h e  p ~ r e  elemectal meta ls  l i s t e d  below i n  two sub-  
graups : 

CU 51 
T i  Ta 

c o  

which  can be matched i-eascr,ably c l o s e l y  w i T k i r &  each sllbgroup w i t h  
respec t  t o  m e c n a n i c a i  piupel  L ~ C C  zUcii u z  C . j r  - _ _ -  
t h e  c o m p r e s s i v e  yield stress ? h e  objecr  in s e l e c t i n g  xhese 
m a t e r i a l s  far bonding  comparison was t o  examine t h e  e f f ec t  of 
d i f f e r i n g  l a t t i c e  s t r T x t u r - e  or2 t h e  adhesion p r o p e r r i e s  i n  the 
a b s e n c e  of pr,rrnGmced v a r i a t i o r , s  IC m e c t a r L i c a l  behavior w h i c h  
would o b s c u r e  the i n f l u e n c e  of 3x1 .JC t u r e  

- - -  I- - -  +I-- n l o r t i r  rn,-,rt-llt,c 2 n d  
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TABLE I 

t 

MTERIALS FOR ADHESION SPECIMIEK'S 

Metal S t r u c t u r e  Elastic .Ilodulus Heat 
E (psi x T r  ea t m e  n t 

---- , - a  

Group x 

cu 
Ti 

Ni 

Ta 

co 

304 S. S. 

430 S. S.  

Be t a -Brass 
(61 Cu-39 Zn) 

93 A g  - 7 Sn 
84 Ag - 16 Sn 

FCC 

HCP 

FCC 

BCC 

HC P 

Group B 

FCC 

BCC 

FCC 

BCT 
(Di s to r t  ) 

FCC 

HCP 

16.0 800°C, 1 h r .  

16.8 7UO"C, 2 h r s .  

30 9OO"C, 1 hr. 

27 1200°C, 1 hr. 

30 12OO0C, 2 h r s .  

30 

30 

15 

15 

10 

10 

8 5 O o C ,  1 hr. 

750"C, 1 hr. 
( s l o w  cool )  

850°C,  1 hr. 
(quench into 
iced b r i n e )  

6 0 0 " C ,  1 hr. 
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IC Group E a re  alloys i i i  i ~ k i c k  tfic l a t t i c e  s t r u c t u r e  can be 
v a r i e d  either by sma l l  cfiarges i r ,  t h e  c m p o s i t i o n  OF b y  t h e r m a l  
t r e a r m e n t .  For the TWO s ta i_n_less  s t e e l  a l l o y s  t h e  a d d i t i o n  of  
a b o u t  10% N i  e s s e n r i a l l y  t r a n s f o r m s  a f e r r i t i c  BCC s t r u c t u r e  i n -  
t o  a n  a u s t e n i t i c  FCC strucrure, In p a r t i c d l a r ,  t h e  f e r r i t i c  430 
g r a d e  s t a i n l e s s  has  a l a r g e l y  s imi la r  c o m p o s i t i o n  t o  t h e  a u s t e n i -  

n i c k e l .  I n  t h e  t i n - s i l v e r  a l l o y s ,  a change  i n  t i n  c o n t e n t  f r o m  
7 t o  14% w i l l  r e s u l t  in a s t r u c t u r a l  phase  change  from FCC t o  HCP. 
In both sets of l a t t i c e  t r a n s f o r m a t i o n s ,  t h e  p h a s e  changes  a l s o  
involve changes  i n  mechan ica l  p r o p e r t i e s  s u c h  as d u c t i l i t y  and  
y i e l d  strength, b u t  r_t:ese va r i z t i c?_?  c a n  be minimized b y  s u i t a b l e  
h e a t  t r e a t m e n t  

L '  L X Z  304 grade w i t h  t h e  e x c e p t i o n  t h a t  t h e  430 g r a d e  c o n t a i n s  no 

In t h e  case of the b e t a - b r a s s  a l l o y ,  t h e  s t r u c t u r e  c a n  be  
v a r i e d  i i i t h z u t  c h a n g i r g  t h e  c m p o s l t i o n  s i n c e  t h e  alloy u n d e r g o e s  
a n  a l l o t r o p i c  phase  change z ~ ~ a  keati-n-g shove 4 5 8 ° C .  Under severe  
quench ing  c o n d i t i o n s  a m e t a s t a b l e  beta' (BCT) d i s t o r t e d  c u b i c  
phase  can  be r e t a i n e d  a t  roum t e n p e f a t u r e  i n  p l a c e  of t h e  e q u i l i -  
b r ium a l p h a  (FCC) phase. 

EXPERI&IENTAL PROGRZSS 

Dur ing  t h e  i n i t i a l  q u a r t e r  of t h e  ex tended  program,  t h e  p r i n -  
c i p a l  e x p e r i r n e c t a l  e f f o r t  h a s  been concerr-ed with m o d i f i c a t i o n s  
and  i ap rovemen t s  t o  t h e  vacltim adhesion t e s t i n g  s y s t e m  and w i t h  
t h e  p r e p a r a t i o n  of s p e c i n e n s .  The n e c e s s a r y  c h a n g e s  i n  t h e  re- 
f r i g e r a t i o n  ~ r o t a r y  spec imen s e l e c t o r  ar,d abrader components have 
been  l a r g e l y  c o m p l e t e d ,  

P r e l i m i n a r y  vacuJm Dperations have shoxn that t h e  sys t em may 
now be o u t g a s s e d  a t  temperatuie5 i n  e x c e s s  of 30OoC, s u b s t a n t i a l l y  
r e d u c i n g  t h e  r e s i d u a l  g a s  'load w i t h  i n d i c a t e d  t o t a l  p r e s s u r e s  i n  
t h e  5 x Torr r a n g e  a t  room t e m p e r a t u r e .  The i n c r e a s e  i n  
V ~ L U U I U  cat;rzZi:;tj. zf t k ~  a d h e G I o r ,  t e s t  system may be a t t r i b u t e d  
t o  l o w e r  f l a n g e  s ea l  temperat-ires,  rcmcval of t h e  a b r a d e r  motor  
f r o m  t h e  vacuum chamber and t h e  e l i m i n a t i o n  G f  s e v e r a l  excess 
components  which contributed t o  t h e  g a s  l o a d .  
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I n  the same p e i - i d ,  s2mplPs of t o p p e r ?  t i t a n i u m ,  n i c k e l ,  
t a n t a l u m ,  430 Grade and  304 G r a d e  s t a i n l e s s  s tee l s  have  been  
U c h i E e d  from 3/4 i n c h  d i a m e t e r  wrought bar stock. Cobalt 
s a m p l e s  were machined from 3:‘4 i n c h  d i a m e t e r  wrought  and ex- 
t r u d e d  r o d .  The b e t a - b r a s s  alloy samples  were machined from 
1/2 i n c h  t h i c k  p l a t e .  Samples a p p r o x i m a t e l y  1 / 2  x l j 2  x 3/8 
izch i n  size w e r e  rough  c u t  for h e a t  t r e a t i n g  p r i o r  t o  f i n a l  
mach in ing .  I n  a d d i t i o n ,  samples  a p p r o x i m a t e l y  1 inch I n  h e i g h t  
x 3/4 i n c h  i n  diameter w e r e  p r e p a r e d  f o r  t e s t i n g  o f  t h e  compres- 
s i v e  y i e l d  stress a f t e r  h e a t  t r e a t m e n t .  

Specimens of a l p h a  and  z e t a  phase  s i l v e r - t i n  a l l o y s  w e r e  
p r e p a r e d  in t h e  l a b o r a t o r y  by vacuum m e l t i n g  and c a s t i n g  a t  
1050°C. I n  t h i s  p r o c e d u r e ,  t h e  r e q u i r e d  c h a r g e s  of  p u r e  s i l v e r  
and  t i n  were p l a c e d  i n t o  a platimum w i r e  r e s i s t a n c e  vacuum 
furnace a ~ r f  qriicklp b r o u g h t  t o  t e m p e r a t u r e  a t  a b o u t  3 x 
t o r r .  After agitaticz of t h e  melt t o  remove s u r f a c e  d i - G S S ,  
t h e  m e l t s  were cas t  i n t o  c a r b o n  m o l d s  about 1 i n c h  i n  d i a m e t e r .  
C a s t i n g s  up  t o  4 i n c h e s  i n  l e n g t h  and weighing  a b o u t  280 grams 
were o b t a i n e d .  

Subsequent  chemical a n a l y s i s  of t h e  c a s t i n g s  showed t h a t  
t h e  a l p h a  Ag-Sn a l l o y  had a t i n  c o n t e n t  of  7 .22% w e l l  w i t h i n  
t h e  s o l i d  s o l u b i l i t y  l i m i t  of abou t  10% for t h e  a l p h a  phase  a t  
r o o m  t e m p e r a t u r e .  The zeta  phase  a l l o y  had a t i n  c o n c e n t r a t i o n  
of 16.40%, w i t h i n  t h e  p h a s e  s o l u b i l i t y  l i m i t s  of 12 .8% and 19.5% 
a t  room t e m p e r a t u r e .  A f t e r  a n a l y s i s ,  t h e  c a s t i n g s  w e r e  sec- 
t i o n e d  t o  p roduce  spec imen b l a n k s  a b o u t  1/2 x 1/2 x 3/8 i n c h e s  
i n  s ize  f o r  a n n e a l i n g  t r e a t m e n t s  and y i e l d  s t r e n g t h  de t e rmina -  
t i o n s .  

FLTLTRE FORK 

I n  t h e  c u r r e n t  q u a r t e r  of t h e  a d h e s i o n  program,  p r e l i m i n a r y  
tests a r e  s c h e d u l e d  w i t h  t h e  mod i f i ed  a p p a r a t u s .  A f t e r  q u a l i -  
f i c a t i o n ,  a ser ies  of a d h e s i o n  tests are s c h e d u l e d  a t  room 

e q u i v a l e n t  y i e l d  c o e f f i c i e n t .  The y i e l d  c o e f f i c i e n t  is d e f i n e d  
as t h e  r a t i o  of  t h e  a p p l i e d  c o n t a c t  stress t o  t h e  compress ive  
y i e l d  stress. 

t e m p e r a t u r e  f o r  s amples  ul” U I I A G ~  -“ B z - - 2 - -  f z + , t i c p  s t r i i c t u r e  but 

Sample geometry  w i l l  be  t a i l o r e d  s o  t h a t  t h e  c o n t a c t  a r e a  
w i l l  p roduce  t h e  r e q u i r e d  s t r e s s e s  a t  t h e  maximum a p p l i e d  l o a d .  
Specimen s u r f a c e s  w i l l  b e  c l e a n e d  p r i o r  t o  t e s t i n g  by v i b r a t o r y  
w i r e  b r u s h  a b r a s i o n .  
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